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Introduction
Physiotherapy intervention is regarded as an important 
component in the management of patients in intensive 
care (Risley and Jones 2003) and has been demonstrated 
to provide both short- and medium-term benefits (Berney 
and Denehy 2002, Hodgson et al 2000, Ntoumenopoulos et 
al 2002, Paratz et al 2002). However, there have been some 
claims that, in intensive care, physiotherapy intervention 
results in adverse physiological changes (Hammon et al 
1992, Singer et al 1994, Weissman et al 1994), ie, clinically-
significant alterations in haemodynamic, respiratory, or 
intracranial parameters necessitating remedial intervention. 
Since intensive care patients are critically ill, they do 
have the potential to become unstable during all aspects 
of management, such as with basic nursing care, position 
changes, suction, or physiotherapy intervention. Adverse 
physiological changes can also occur spontaneously in 
intensive care patients, as shown by Shoemaker et al (1989) 
who recorded 637 such events in 247 patients over a 24 hour 
period.
Many of the studies reporting adverse physiological changes 
during physiotherapy intervention in intensive care have 
been methodologically flawed. These studies have included 
patients who were haemodynamically unstable and not 
representative of patients to whom the intervention would be 
applied (Hammon et al 1992, Singer et al 1994, Weissman et 
al 1994). In contrast, other studies have found beneficial or 
minimal adverse effects during physiotherapy intervention 
(Berney and Denehy 2002, Berney and Denehy 2003, 
Hodgson et al 2000, Ntoumenopulos et al 2002, Paratz et al 
2002, Paratz et al 2006, Patman et al 1998). These studies 
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included patients for whom the questionnaire respondents 
(Hodgson et al 1999, King and Morrell 1992) had a 
physiological rationale for physiotherapy intervention.
Audits are an effective way to identify deficiencies in 
quality of care and are an accepted method of improving 
patient safety by identifying factors contributing to adverse 
events. Large audits of adverse events in intensive care 
have been published (Beckmann et al 1996, Beckmann 
et al 2003, Buckley et al 1997, Hart et al 1994) which 
did not record or report any adverse physiological 
changes associated with physiotherapy intervention. Data 
concerning the actual incidence of adverse physiological 
changes during physiotherapy intervention are required in 
order to determine the safety of physiotherapy intervention 
in intensive care. Therefore the research question for this 
prospective observational study was:
How often do adverse events (including adverse 
physiological changes) occur during physiotherapy 
intervention in intensive care?
Using information obtained from auditing adverse 
physiological changes associated with physiotherapy 
intervention in intensive care, experimental studies can be 
planned to investigate if these changes occur in particular 
patients or during particular interventions.
Method
Design
A multicentre prospective observational study was conducted 
at five tertiary level intensive care units in Australia. Over 
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a three-month period, data were recorded on any adverse 
event associated with physiotherapy intervention in any one 
of these intensive care units. Physiotherapy intervention was 
defined as intervention completed or directed specifically 
by a physiotherapist for any of the following: directed 
positioning, mobilisation, transfer, active or passive exercise, 
manual hyperinflation, ventilator hyperinflation, recruitment 
manoeuvres, application of oxygen, suction (endotracheal 
tube, tracheostomy, oral, or nasal), insertion of airway, 
manual interventions (eg, percussion or vibration), breathing 
interventions, and positive pressure interventions including 
continuous positive airway pressure, bilevel positive airway 
pressure, intermittent positive airway pressure breathing and 
positive expiratory pressure with or without oscillation. The 
senior physiotherapist at each participating intensive care 
recorded the total number of physiotherapy interventions 
provided in intensive care during this three-month period 
and acted as the local co-ordinator assisting staff to complete 
the data sheet if necessary. Expedited approval was obtained 
from the relevant institutional ethnics committees.
Participants
Median number of beds for each intensive care unit was 22 
(IQR 18.5–39).
Outcome measures
Five senior intensive care physiotherapists (median 
experience in intensive care 15 years, IQR 8.5–21) and one 
Honours student defined the adverse events (Box 1) by online 
discussion, achieving consensus by the fourth draft. A data 
collection sheet was also developed, achieving consensus by 
the third draft (see Appendix 1 on the eAddenda.) The data 
sheet and definitions of an adverse event were also reviewed 
by three senior intensive care physiotherapists independent 
of this study for content validity.
This data sheet described the adverse change and included 
a mixture of open and closed responses. If an adverse 
change occurred, a detailed report was completed by 
the physiotherapist, comprising details of: patients 
(including admission diagnosis, conditions arising during 
hospitalisation, co-morbidities, medications, as well as 
vital signs, blood gas values, electrolyte and fluid balance 
immediately prior to episode), adverse event (including 
change in vital signs, duration, management, and outcome), 
intervention (including position and equipment), and 
the demographics of the physiotherapist involved in the 
intervention (eg, senior or junior).
Data analysis
Data from the completed data collection sheets were collated 
by the principal investigator (LZ). Results were examined 
using descriptive and frequency analysis.
Results
A total of 29 completed questionnaires detailing adverse 
physiological changes associated with physiotherapy 
intervention in intensive care patients during the three 
month audit period were returned. On review, two of these 
returned questionnaires involved episodes that did not 
conform to the definition of an adverse physiological change 
and data were discarded. The remaining 27 completed 
questionnaires related to adverse physiological changes 
involving 23 patients, ie, some patients experienced an 
adverse physiological change more than once. The total 
number of physiotherapy interventions recorded during 
this audit period was 12 281, and the incidence of adverse 
physiological changes associated with physiotherapy 
intervention was therefore 0.2%. The total number of 
actual changes in physiological parameters was 41, as often 
multiple parameters (heart rate and blood pressure) altered 
during intervention.
The 23 patients in whom an adverse physiological change 
was recorded had a mean age of 57.7 years (range 16 to 
89) and included 15 males. Median length of intensive care 
stay was 3.0 days (IQR 2.0 to 12.5) and time on ventilation 
3 days (IQR 2.0 to 10.0). Ventilation modes included 
synchronised intermittent mandatory ventilation (n = 10), 
spontaneous with CPAP/pressure support (n = 11) and 
pressure controlled ventilation (n = 1). The median level of 
positive end expiratory pressure was 7 cmH2O (IQR 5.0 to 
8.75), median FiO2 0.40 (IQR 0.35 to 0.55) and median PaO2/
FiO2 ratio (a measure of oxygenation) 192.7 (IQR 162.2 to 
290.0) In this sample of patients with adverse physiological 
changes associated with physiotherapy intervention, there 
were heterogeneous reasons for admission to intensive 
care (Table 1). Pre-existing cardiac co-morbidities were 
present in 96%, and a high percentage of patients (78%) 
demonstrated abnormal vital signs prior to intervention. 
Central venous pressure was within normal range for the 
majority of the patients. Of patients who experienced 
an adverse physiological change during physiotherapy 
intervention, 86% were on vasopressor or inotropic support 
(Table 1).
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Box 1. Definition of adverse events, which include adverse 
physiological changes.
•	 	Alteration in blood pressure > or < 20% of resting 
values which necessitates stopping intervention or 
requires remedial intervention (eg, inotropes)
•	 	Alteration in heart rate > or < 20% of resting values 
which necessitates stopping intervention or requires 
remedial intervention
•	 	New arrhythmia (eg, atrial fibrillation, increased 
number of ectopic beats per minute, ST depression 
or elevation, increased magnitude of ST depression, 
bigeminy, trigeminy, ventricular tachycardia, 
ventricular fibrillation, asystole)
•	 	Desaturation of oxyhaemoglobin >10% of baseline 
levels or a figure which necessitates stopping 
intervention or requires remedial intervention
•	 Pulmonary artery pressure (systolic) over 60 mmHg
•	 	Pneumothorax detected immediately following 
intervention
•	 	Agitation resulting in detachment of equipment or 
lines or requiring increased sedation
•	 	Episode related to incorrect procedure (eg, incorrect 
connection of equipment, level of inspired oxygen 
too high)
•	 	Fall during mobilisation (eg, transfer to chair, 
walking, or tilt table)
•	 	Consultative event (ie, asking the nurse to turn a 
patient to specified side or sit a patient out of bed) 
resulting in an episode as above within 30 minutes 
of the request
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Table 1. Admission diagnosis, inotropic and/or vasopressor support, intervention, and adverse events for each episode.
Episode Admission diagnosis Inotropic and/or 
vasopressor support
Intervention Adverse event
1 Multitrauma Noradrenaline (2 µg/
min)
Manual hyperinflation Mean arterial pressure 70 to 60 mmHg
2 Community acquired 
pneumonia
Noradrenaline (10 
µg/min)
Right side lying, 
manual hyperinflation
Mean arterial pressure 70 to 40 mmHg
3 Closed head injury Noradrenaline (12 
µg/min)
Manual hyperinflation Intracranial pressure 19 to 32 mmHg
4 Closed head injury + 
multi-trauma
Percussion and 
vibration, manual 
hyperinflation
Intracranial pressure 22 to 50 mmHg
5 Community acquired 
pneumonia + acute 
coronary syndrome
Noradrenaline (8 µg/
min)
Dobutamine (8 µg/min)
Right side lying, 
manual hyperinflation, 
endotracheal suction
Saturation of peripheral oxygen 96 to 85%
Mean arterial pressure 75 to 59 mmHg
6 Community acquired 
pneumonia
Noradrenaline (9.5 
µg/min)
Dobutamine (2 µg/min)
Manual hyperinflation Mean arterial pressure 76 to 60 mmHg
7 Community acquired 
pneumonia
Walk Respiratory rate 33 to 50 breaths/min
8 Septic shock Noradrenaline (6 µg/
min)
Dobutamine (6 µg/min)
Right side lying, 
manual hyperinflation
Heart rate 85 to 38 beats/min
9 Septic shock Noradrenaline (3 µg/
min)
Dobutamine (2 µg/min)
Right side lying, 
manual hyperinflation
Heart rate 80 to 44 beats/min
10 Burns, septic shock, 
acute respiratory 
distress syndrome
Noradrenaline (12 
µg/min)
Passive movements Mean arterial pressure 78 to 55 mmHg
11 Cardiac arrest Noradrenaline (5 µg/
min)
Right side lying, 
manual hyperinflation, 
endotracheal suction
Heart rate 80 to 165 beats/min 
Mean arterial pressure 76 to 125 mmHg
12 Pancreatitis
Multi-organ system 
failure, septic shock
Right side lying Heart rate 108 to 25 beats/min 
Mean arterial pressure 75 to 48 mmHg
13 Closed head injury Manual hyperinflation Mean arterial pressure120 to 140 mmHg
14 Closed head injury Manual hyperinflation, 
endotracheal suction 
Mean arterial pressure 132 to 160 mmHg
15 Closed head injury Manual hyperinflation, 
endotracheal suction 
Heart rate 70 to 48 beats/min, intracranial 
pressure 8 to 26 mmHg
16 Septic shock Noradrenaline (8 µg/
min)
Dobutamine (2 µg/min)
Right side lying, 
manual hyperinflation, 
endotracheal suction 
Mean arterial pressure 70 to 57 mmHg
17 Septic shock Noradrenaline (6 µg/
min)
Right side lying, 
manual hyperinflation, 
endotracheal suction
Mean arterial pressure 91 to 71 mmHg
18 Septic shock Noradrenaline (8 µg/
min)
Manual hyperinflation Atrial fibrillation – left bundle branch block, 
multiple ventricular ectopic beats
19 Closed head injury Noradrenaline (7 µg/
min)
Manual hyperinflation 
– wrong connection
Saturation of peripheral oxygen 96 to 88%
20 Post laparotomy Noradrenaline (6 µg/
min)
Manual hyperinflation Systolic arterial pressure/diastolic arterial 
pressure 110/73 to 210/117 mmHg
21 Closed head injury Manual hyperinflation Agitated – self extubated
22 Aspiration 
pneumonia
Right side lying, 
ventilator hyperinflation, 
endotracheal suction
Saturation of peripheral oxygen 97 to 78%
23 Community acquired 
pneumonia, acute 
pulmonary oedema
Right side lying, 
ventilator hyperinflation, 
endotracheal suction
Mean arterial pressure 90 to 62 mmHg
24 Cardiac arrest, 
acute pulmonary 
oedema
Noradrenaline (3 µg/
min)
Right side lying, head 
down tilt, ± positive end 
expiratory pressure
Mean arterial pressure 75 to 58 mmHg
25 Abdominal aortic 
aneurysm repair
Noradrenaline (6 µg/
min)
Right side lying, head 
down tilt, ventilator 
hyperinflation
Mean arterial pressure 100 to 150 mmHg
26 Post coronary artery 
bypass graft, low 
cardiac output
Adrenaline (4 µg/min)
Milirone (15 µg/min)
Supine – right side 
lying
Systolic arterial pressure/diastolic arterial 
pressure 115/75 to 80/40 mmHg
Saturation of peripheral oxygen 100 to 
85%
Heart rate 110 to 200 beats/min
27 Post coronary artery 
bypass graft intra-
aortic balloon pump, 
nitric oxide
Noradrenaline (18 
µg/min)
Adrenaline (2 µg/min)
Supine – right side 
lying
Systolic arterial pressure/diastolic arterial 
pressure 103/67mmHg to unrecordable
Saturation of peripheral oxygen 97 to 88 
mmHg
Pulmonary artery pressure 53 to 90 mmHg
Alterations in the cardiovascular system accounted for 0.3% 
of the total interventions and were the most commonly-
reported adverse physiological changes (78%), with a 
decrease in pulse pressure (ie, a decrease in the difference 
between systolic and diastolic blood pressure) the most 
frequent of all adverse physiological changes (42%). 
Arrhythmias, (chiefly bradycardias) were responsible for 
15% of adverse physiological changes which represented 
< 0.1% incidence of arrhythmia within the total number of 
physiotherapy interventions during the three month audit.
The episodes of adverse physiological change in this audit 
resulted in: spontaneous recovery once the physiotherapy 
intervention was ceased (30%), recovery after specific 
intervention (59%) and no details given (11%). Interventions 
to remediate the adverse event included either an increase in 
inotropes for decreased blood pressure (n = 5), alteration 
in position (n = 6), cardiopulmonary resuscitation for 
bradycardia (n = 1), hyperoxygenation with manual 
hyperinflation (n = 1), or an increase in inspired level of 
oxygen (n = 1). Intraventricular drainage to correct increased 
intracranial pressure was required for two patients.
The most common physiotherapy intervention when these 27 
episodes occurred was administration of increased positive 
pressure (59%), manual or ventilator hyperinflation, or 
recruitment manoeuvre. During manual hyperinflation the 
most common circuit was the Mapleson C circuit (80%). 
A manometer was not used with any circuit during manual 
hyperinflation but a positive end expiratory pressure valve 
was used for any patient with a positive end expiratory 
pressure > 7.5 cmH2O. Endotracheal or tracheal suctioning 
featured in 19% of adverse episodes, representing < 0.1% 
of total interventions. Open rather than closed suctioning 
was used in the majority of episodes involving suction. The 
majority of patients who experienced adverse events were 
positioned in right side lying during intervention (Box 1).
Discussion
In the intensive care environment there is a higher risk of 
errors in patient management, therefore safety reporting and 
analyses of adverse events are important to improve patient 
care (Beckmann et al 1996). Recent recommendations have 
encouraged reporting that is voluntary, confidential, non-
punitive and, importantly, involves feedback and education 
to staff involved (Osmon et al 2004).
Overall, there was an extremely low incidence of adverse 
events associated with physiotherapy intervention. Most 
of the adverse events were physiological changes. This 
incidence of adverse physiological changes was much 
lower than the only reported study of spontaneous changes 
in haemodynamics recorded in intensive care patients over 
24 hours (Shoemaker et al 1989). However the patients 
described by Shoemaker et al were all defined as high-risk 
surgical patients who were being monitored invasively via a 
pulmonary artery catheter. The incidence of arrhythmias in 
the current audit was also lower than that found in a previous 
survey of spontaneous abnormal rhythms in critically-ill 
patients (Artucio and Pereira 1990). Although previous 
empirical studies in intensive care have reported adverse 
effects during physiotherapy intervention (Hammon et al 
1992, Weissman et al 1994) the aim of these studies was to 
use physiotherapy intervention as a physiological stressor 
and subsequently investigate the effectiveness of various 
medications to suppress abnormal cardiovascular and 
metabolic responses. The physiotherapy intervention was 
not aligned with accepted practice (Hodgson et al 1999).
Adverse physiological changes during suction, a potentially 
dangerous manoeuvre performed by various health 
professionals, have also been recorded in a previous study. 
Robles et al (2002) reported adverse physiological changes 
occurring in 48% of suctioning interventions. In this current 
audit, suctioning was performed by physiotherapists and 
adverse physiological changes occurred < 0.1% of the 
time.
Most patients in this audit received manual hyperinflation 
using a Mapleson C circuit. It has been shown (McCarren 
and Chow 1996) that a Mapleson C circuits results in 
significantly larger inspiratory pressures and tidal volumes 
than other circuits during manual hyperinflation. The 
applications of manual hyperinflation in those patients 
who experienced adverse events did not include a 
manometer in the resuscitation bag circuit, despite previous 
recommendations that this would monitor and limit airway 
pressure adequately (Redfern et al 2001).
A potential cause of respiratory deterioration during manual 
hyperinflation is disconnection from positive end expiratory 
pressure and subsequent derecruitment. However, the 
maximum positive end expiratory pressure was 10 cmH2O 
and all patients with a baseline greater than 7.5 cmH2O had a 
positive end expiratory pressure valve in situ during manual 
hyperinflation. There were only two reports of desaturation 
on disconnection from the ventilator as part of the manual 
hyperinflation procedure.
An additional finding was that adverse changes in 
haemodynamics occurred when patients were placed into 
right side lying. Large hemodynamic changes (decrease in 
mean arterial pressure and right ventricular diastolic volume) 
have previously been reported in critically-ill patients 
dependent on inotropes turned into right side lying (Bein 
et al 1996). The results of our audit contrast with Berney 
and Denehy (2003) who investigated haemodynamics in 
critically-ill patients and found no adverse effects from side 
lying. Importantly they ensured that haemodynamics were 
within normal limits before enrolment. The majority of 
patients in this audit who experienced adverse physiological 
changes had abnormal haemodynamic values.
Twelve patients (Table 1) who had abnormal cardiovascular 
values pre-intervention and were requiring medium to 
high levels of pressor support, demonstrated a decrease in 
blood pressure during the application of a positive pressure 
manoeuvre. Patients requiring this level of pressor support 
have poor systemic vasoconstriction and are unable to 
compensate if increased positive pressure is delivered 
(Jellema et al 2000, Paratz et al 2002, Paratz and Lipman 
2006). Further education is required in order to educate 
junior physiotherapists about the effects of increased positive 
pressure on patients with unstable haemodynamics.
A previous survey indicated that physiotherapists in 
Australian intensive care units are proactive in early 
mobilisation (standing, tilt table, sit out of bed, walking) 
(Chang et al 2004). Only one adverse physiological change 
during this audit was associated with mobilisation of the 
patient by a physiotherapist, suggesting that overall this 
intervention is applied safely.
Of interest was the finding that 78% of patients who had 
adverse physiological changes associated with physiotherapy 
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intervention had cardiovascular or intracranial values 
outside normal levels prior to intervention. Comments 
made on the data sheets by the physiotherapists concerned, 
showed they were aware that these patients had abnormal 
values, but they were directed to treat the patient by medical 
staff in the belief that the benefits would outweigh the risks 
associated with intervention. This occurred with all levels 
of physiotherapist and is an important professional issue. As 
physiotherapists are primary practitioners and have prime 
responsibility for their management strategies, issues of 
patient safety, clinical governance, and responsibility are 
factors to be considered.
There were a number of limitations to this audit. Only 
hospitals with tertiary level intensive care units were 
studied. Different results may have been obtained in 
intensive care units in smaller or private hospitals. A further 
potential limitation was the compliance by physiotherapists 
in completing details about adverse physiological changes. 
In two of the participating hospitals, physiotherapists in 
intensive care tend to work in pairs which would serve as a 
checkpoint. Although the completion of the audit form was 
anonymous, most physiotherapists involved in an intervention 
which led to adverse physiological changes appeared keen 
to discuss the event and possible causes. Another limitation 
is that details of all physiotherapy interventions (ie those 
not associated with adverse physiological changes) were 
not recorded. However such extensive data were beyond the 
scope of this study.
The overwhelming majority of physiotherapy interventions 
in this three-month audit period were safe. Associations in 
this audit cannot imply causality and whether the adverse 
physiological changes were spontaneous is not known.
eAddendum: Appendix 1 available at www.physiotherapy.asn.au.
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